Objective: To assess the strength of root cause analysis (RCA) recommendations and their perceived levels of effectiveness and sustainability. Design: All RCAs related to sentinel events (SEs) undertaken between the years 2010 and 2015 in the public health system in Victoria, Australia were analysed. The type and strength of each recommendation in the RCA reports were coded by an expert patient safety classifier using the US Department of Veteran Affairs type and strength criteria. Participants and setting: Thirty-six public health services. Main outcome measure(s): The proportion of RCA recommendations which were classified as 'strong' (more likely to be effective and sustainable), 'medium' (possibly effective and sustainable) or 'weak' (less likely to be effective and sustainable). Results: There were 227 RCAs in the period of study. In these RCAs, 1137 recommendations were made. Of these 8% were 'strong', 44% 'medium' and 48% were 'weak'. In 31 RCAs, or nearly 15%, only weak recommendations were made. In 24 (11%) RCAs five or more weak recommendations were made. In 165 (72%) RCAs no strong recommendations were made. The most frequent recommendation types were reviewing or enhancing a policy/guideline/documentation, and training and education. Conclusions: Only a small proportion of recommendations arising from RCAs in Victoria are 'strong'. This suggests that insights from the majority of RCAs are not likely to inform practice or process improvements. Suggested improvements include more human factors expertise and independence in investigations, more extensive application of existing tools that assist teams to prioritize recommendations that are likely to be effective, and greater use of observational and simulation techniques to understand the underlying systems factors. Time spent in repeatedly © The Author(s) 2018. Published by Oxford University Press in association with the International Society for Quality in Health Care. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 124 investigating similar incidents may be better spent aggregating and thematically analysing existing sources of information about patient safety.
Introduction
Adverse events (AEs), which are incidents that cause harm to patients, occur in the Australian healthcare system and across the world at an unacceptable rate [1] [2] [3] with~5-10% resulting in serious harm or death [1, 4, 5] . They continue to occur despite two decades of concerted effort to reduce their frequency by policy makers, health service managers and clinicians [6] . One common approach to try to prevent the recurrence of AEs is to undertake a review of care, such as a root cause analysis (RCA), to find out what went wrong and why [7] . In the Australian public health system, sentinel events (SEs) are serious AEs that are generally followed up by a RCA.
RCA is a systematic process that originated in industry and was introduced to healthcare by the US Department of Veteran Affairs in the mid-1990s and into Australia shortly thereafter [7] . RCA represents a 'toolbox' of approaches rather than a single method-more than 40 RCA techniques have been described for healthcare [8] [9] [10] . However, all versions use a structured process of creating chronological maps that track the time and sequence of relevant events, undertaking interviews and analysis of other data sources, and developing cause and effect diagrams and recommendations.
RCAs are time and resource-intensive. They typically require teams of 3-6 people to attend several meetings, to undertake interviews, and to collect and analyse other data. The key output of RCAs is a set of recommendations for health services to implement in order to reduce the likelihood of a similar AE occurring again. These are usually presented in a structured format comprising of one or more recommendations, and identification of the person/s responsible for implementing them, the date when this should be completed, and performance and evaluation measures.
Recommendations can be characterized according to their type, effectiveness, and sustainability, collectively often referred to as 'strength', and presented in an ordinal manner as 'strong', 'medium', or 'weak' [11, 12] . Strong recommendations are those that, once implemented, rely less on people's actions, and memories, and are more likely to be effective and sustainable. Conversely, weak recommendations, such as training and policy changes, are less likely to be effective and sustainable. Weak recommendations are often necessary to establish proficiency, but rely on a change in human behaviour, and when used alone are unlikely to be sufficient to provide sustained improvements in patient safety [12] . They are less likely than strong recommendations to prevent future events.
'Sentinel Events' (SEs) are infrequent incidents that occur in health services and 'commonly reflect hospital (or agency) system and process deficiencies' [13] . They usually result in serious harm to patients. There are eight nationally agreed 'core' SEs in Australia (Table 1) [13] . The Victorian Department of Health and Human Services (DHHS) has added a further category (Category 9 -'Other, catastrophic') [13] . Victorian health services must report all SEs to the DHHS' SE Program and then conduct an RCA, and then report their findings and recommendations [13] .
The number of RCAs performed and the time they take means that they represent significant investments by health services [7] .
Both the efficacy and value of RCAs have been questioned because, despite the effort and investment in RCA for over 15 years, similar serious AEs continue to occur [6] [7] [8] [14] [15] [16] . As one of the stated aims of the RCA process is to reduce the rate of further similar incidents, the proportion of recommendations considered strong or weak is of critical interest. In this study we aimed to assess the proportion of RCA recommendations in terms of their strength, and therefore, their likely effectiveness and sustainability.
Methods

Participants and setting
Victorian public health services Data source. The health services had provided the Victorian DHHS with RCA reports as part of the DHHS' SE policy [13] . The demographic data and reports from these RCAs related to SEs and reported to the Victorian DHHS between 2010 and 2015 were retrieved. All RCAs related to SEs were included in the analysis.
Analysis. The incidents associated with the RCAs were coded according to the primary type of incident using the SE classification [13] . A descriptive analysis of these types, together with patient's age and gender, location of the health service in which the incident occurred, and specialities or disciplines involved, was then undertaken.
The type and strength of each recommendation in the RCA reports was coded by an expert patient safety classifier (AD), using the US Department of Veteran Affairs' criteria (see Table 2 for examples) [11, 12] . Prior to the coding process, the consensus group (PH, MT, WR) and classifier discussed and jointly coded 10 RCA reports [17] . Another four sets of five RCAs were discussed and jointly coded during the course of the process to ensure coding quality. If a recommendation was unclear or could not be classified using the 'Strength of Recommendations' classification, advice was sought from the consensus group. The consensus group and classifier iteratively added new recommendation types to the classification and agreed on their strength [17] . A descriptive analysis was then undertaken with respect to recommendation type and strength.
Ethics. Ethics approval was granted by the Victorian DHHS' Human Research Ethics Committee (no. 05/16). Table 1 summarizes the types of SEs reported between 2010 and 2015. Of these 129 (57%) were Category 9-(SE9 'Other, catastrophic'), of which 57 'Clinical process/procedure' events made up 44%. Together with falls (27/129, 21%), and behaviours (27/129, 21%), these accounted for 86% of the SE9 incidents. Of the 57 clinical process/procedure SE9s, 27 (47%) were associated with problems with diagnosis and 22 (39%) with problems with procedures or interventions. Just over half of the diagnostic incidents occurred in emergency departments. Of the 27 SE9 'behaviour' incidents, 26 were suicides and one was an 'other significant self-harm'.
Results
Across the 5 years, 21 of 36 health services reported only one SE each, whilst 10 reported between six and eight SEs. Only five health services reported more than 10 SEs. Of these, four reported between 11 and 18 and one reported 37. The most commonly involved specialities (or area) represented were psychiatry, emergency medicine, surgery and obstetrics/maternity, comprising 54% of the SEs. Although only small numbers (n = 8) were reported, 57% of Category 7 (maternal deaths) occurred outside of metropolitan regions, whilst only 26% of births occurred there.
The 227 RCAs resulted in 1137 recommendations, averaging 5.0 (SD 3.1) per RCA. Table 2 summarizes recommendation types including their frequency and the total number of RCAs using the type. Only 8% of recommendations were 'strong' whilst 48% and 44% were 'weak' and 'medium', respectively ( Table 2 ). In 31 RCAs, or nearly 15%, only weak recommendations were made. In 24 RCAs (11%), there were five or more weak recommendations. In 165 RCAs (72%) no strong recommendations were made. There was no association between the proportion of RCAs with strong recommendations with the health service in which the SE occurred, 'experience' of the health service measured by number of RCAs performed in the relevant period, health service location (metropolitan, regional or rural) or SE category.
The most frequent recommendation types were 'reviewing or enhancing a policy/guideline/documentation', followed by 'training and education', followed by 'development of a new procedure/ memorandum/policy' ( Table 2) . Together these three types comprise nearly two-thirds (65%, 744/1137) of all recommendations. The latter two types are 'weak' in the strength classification, whilst the former type, which we designated as medium strength, was added.
Discussion
Principal findings
With a view to assessing the utility of a statewide SE program, we analysed recommendations in RCA reports over 6 years. The relative proportion of the eight nationally agreed SEs in Victoria (Table 1 ) [13] leading to the RCAs were broadly similar to the 5-year national average, although rates of SEs reported varied considerably between states [18] . In Victoria, with the addition of the SE9 'Other, catastrophic' category, and with 21% of these associated with behaviour, psychiatry was the most frequent specialty involved. Variation in incident reporting rates and the perception of their severity between jurisdictions or hospitals, and provider types is well known [19] .
Nearly half of the recommendations arising from the RCAs were designated as weak. Only about 1 in 12 were classified as strong. About two-thirds of the recommendations involved developing new or modifying existing policies or training and education. Such weak recommendations are less likely to result in effective and sustainable changes to reduce the probability of a similar incident recurring. Given the time and investment in RCAs, their potential for effecting change remains under-realized [15] .
Meaning of the findings
The relatively high proportion of weak RCA recommendations has been noted previously [6, [20] [21] [22] [23] [24] . In 2010, another Australian statebased public health system (New South Wales) reported that 86% of RCA recommendations were considered weak, 7% medium and 5% strong [24] . More recently, a tertiary care academic medical centre in New York reported that about half of their recommendations were weak [6] .
Our results are likely to be generalizable to other health systems. This is because, although the Victorian healthcare system has its own RCA policy framework and education program, it uses RCA tools and techniques that are commonly used in many health systems such as chronological flow charting, cause and effect diagrams, five rules of causation, hierarchy of recommendations and a stepped and orderly approach [8, 9, 25, 26] .
Formulating recommendations is usually more difficult than finding problems [7, 27] and numerous issues relating to the conduct of RCAs have been cited [8, 20, 21, [27] [28] [29] (Box 1). Many of these issues fit under the umbrella of failing to consider human factors and other underlying system issues that are inherent in the development of an incident [30] . The investigation of an incident sometimes ends when an error or violation is identified as the cause. However, (3) 30 (13) Gas embolism (4) 2 (1) ABO incompatible blood transfusion (5) 1 (<1) Medication error (6) 17 (7) Maternal death (7) 8 (4) Wrong infant discharged (8) 0 (0) Other -catastrophic (9) 129 ( Re-Evaluate use/appropriateness of equipment Review the use of laryngeal masks when diathermy is being used for tonsillectomy. Laryngeal masks not to be used when diathermy is also to be usedinterim measure until review is completed 26 23 Checklist/cognitive aids A handover checklist to be developed to ensure consistent approach 23 20 Standardized communication tools The handover processes in the unit are reviewed with a view to utilizing a standardized tool to assist in consistency and coverage of all required information each time a handover occurs 12 11
Software enhancements, modifications Develop a non-person dependant notification system that informs the treating consultant(s) in the event that a patient is transferred to the Intensive Care Unit 7 7
Simulated code blue sessions as part of training 7 7 Table continued identifying pre-existing performance-shaping factors (e.g. task complexity, workflow, time availability or urgency, process design, experience, training, fatigue, stress) or other environmental conditions, system weaknesses or equipment design flaws that contribute to the error or violation to occur, is often not undertaken [20] . This means that the recommendation is focussed on the active error, i.e. 'not following the protocol', thus leading directly to a recommendation for more education (for example) which is weak, rather than latent factors such as the organization not having in place a process for reviewing, storing and maintaining protocols that are based on evidence, and are accessible, workable and embedded in clinical workflow. As well as the factors in Box 1 that may predispose recommendations to be weak, stronger recommendations tend to come at a greater cost and effort, which tends to discourage their use. This cost and effort premium occurs in their implementation and also in monitoring for hazards which may occur with new technologies [2, 31] .
Healthcare system and research implications
The findings of our study have healthcare system and research implications in relation to the role of human factors expertise and tools to support RCAs, methods of gathering information in RCAs, the personnel and organizations conducting RCAs, use of classifications to determine whether an AE should be subjected to an RCA, alternatives to undertaking RCAs, and methods of making safety changes to medications and equipment as a societal level. These are each discussed in turn below. Better integration of the principles of human factors in RCAs is needed. Indeed, it has been suggested that formally trained human factors experts should be included in the membership of all RCA teams [6] [7] [8] 32] . Increased access to training for members of RCA teams is also necessary [23, 27, 33] . This should include human factors principles and the methodology of undertaking RCAs, including the pitfalls of biases and personal agendas, and balancing the requirements of professional autonomy and external accountability. Related to this is the increased access to and use of tools to support investigations to promote strong recommendations [20, 26] . There are some tools that categorize interventions by their reliability or strength that are quite useful for teams to discuss and consider [23, 26] . Card et al. used a two-dimensional framework to assess interventions against effectiveness and sustainability [21] . Pham et al. applied a risk prioritization and reduction process similar to the model used by the Commercial Aviation Safety Team (CAST) [32] . This method divides the tasks of risk identification and risk mitigation into distinct but related expert teams. Two new steps are added to the process: (a) prioritizing the factors that contributed to harm in the incident and (b) evaluating the probability that these factors will cause harm in the future [32] .
Gathering information during the investigation is often confined to interviewing the staff involved and reviewing documentation, whilst observational techniques and patient or carer interviews are used less often [20, 23] . This may weaken RCA outcomes because interviews are more susceptible to recall bias compared to direct observations of workflow and processes [23] . During interviews, staff members may recite what they thought was the right answer or what they think 'must have happened' rather than what actually happened [23] . Teams relying too much on the written content of policies and procedures to illustrate what normally happens when care is provided are assuming that what is in the policies is reflective of what really happens day-to-day. That is, work 'as imagined' rather than 'work as done' [20, 34] . This means the team may find no systems issues because the policies may be well written and broadly applicable. Techniques such as in-situ observations and low-fidelity simulation may help identify 'work-arounds' and organizational structures or processes that influence or constrain behaviours or actions by individuals [16] .
The actions that we have suggested thus far to improve the efficiency and sustainability of RCA recommendations relate mainly to the conduct of, and personnel involved in, the investigation. However, broader systems-based solutions are also necessary, with considerable implications for cost and organizational structure. The concept of separating safety and operational processes, especially performance management of individuals, is well established in other high risk industries [35] . The rationale is to minimize the impact of personal agendas and overt or covert influences on the teams to modify recommendations according to, for example, cost concerns or political palatability. This can act to reduce pressure to wind up the investigation to free up expensive clinical staff within the organization. There are currently models where independent agencies undertake RCAs, such as in England (Healthcare Safety Investigation Branch) and Ireland (Health Service Executive National Incident Management and Learning Team). Whilst these types of models have merit they may be viewed as 'invasive' by the affected health service. A less confrontational approach would be to ensure that each investigative team contain at least one member who is independent of the health service, preferably with human factors expertise. In this way, balance may be struck so RCA teams can include both frontline staff who have intimate knowledge of the clinical area where the incident occurred [36] and personnel with knowledge of systems factors and who, due to their independence, may be less likely to make assumptions on causal factors.
Trobvich and Shojania point out that, unlike biomedical science problems which are tackled via independent research institutions with highly trained scientists, patient safety problems, which are arguably just as complex, are expected to be solved with fewer resources, using part-time staff with little task-specific experience, at a local healthcare organization level [16] . These complex problems require appropriate investments in expertise and effort analogous to the requirements for research into biomedical problems [16] .
The use of an arbitrary list of 'Sentinel Event' classifications to drive policy and practice on whether RCAs should be undertaken is questionable. There is no evidence that the list of sentinel events, compared to other incidents which result in serious outcomes, usefully signpost a failing healthcare system. The rationale for their adoption, development and continued use is unclear and, we suggest, not evidence based. Risk management matrices that classify incidents according to two axesoutcome severity and probability-provide a more logical and equitable method of allocating scarce patient safety resources.
'Waste' in clinical practice has recently been the subject of much attention in research and policy circles [37] . Futile medical tests and investigations are discouraged, as they consume expensive resources unnecessarily that may be deployed more productively. Undertaking RCAs that investigate recurring patient safety problems, whilst learning no new lessons, may be seen in a similar light. An • Analyses may end when the most convenient root cause is found, or one that fits the investigator's biases [27] • The accuracy of the cause is dependent on the quality of the information gathered, which is often flawed [28] • RCA teams are not obliged to use evidence to justify their recommendations [28] • Recommendations are not clearly linked to one or more causative factors [20] • Systematic methods for generating risk control recommendations are not widely used [21] • Reports are often circulated to the participants for repeated comment and feedback, with the aim of 'getting everybody on board' and maintaining consensus, resulting in few containing highly consequential findings or recommendations [8] • Producing a 'nice' report at times becomes the main goal of the investigation and displaces the original objective of influencing learning and promoting change [8] • The RCA process supports changes that hospital departments had tried to previously promote without success.
Instead of a process of 'evidence-based change', this is 'change-based evidence', whereby 'evidence' about 'root causes' is used to support existing agendas [8, 29] alternative is to aggregate existing information from RCAs, incidents and other data sources (such as confidential enquiries [38] ), then undertake thematic analysis of their contextual and contributory factors, and research on viable solutions [39, 40] . This may be more efficient than repeatedly developing the recommendations from individual local investigations, particularly for incidents such as falls that are widespread [40] . This process also may use incidents that resulted in a near miss. These incidents are often reported, but no local action is taken, meaning significant wasted effort by clinical staff. However, they can be as valuable for learning and characterizing contextual and contributory factors as incidents that result in serious harm, and are more likely to be recorded faithfully [40] . Making changes to the way equipment or medication is designed or labelled are considered strong recommendations. In most cases, these require gaining agreements and support from external manufacturers or suppliers. As individual health services have small market shares, they may consider that requesting changes from manufacturers or suppliers have little chance of success and they may instead propose weaker recommendations. One approach may be to use a high level forum to convene representatives of manufacturers, professional societies, healthcare organizations (especially hospitals), and end users to agree on appropriate redesign priorities [41] . This group would need sufficient purchasing power to entice manufacturers, as well as technical and clinical expertise, to redesign wisely [7, 41] . National and international leadership might be needed to organize this effort [7] .
Conclusion
Few recommendations arising from RCAs are 'strong', meaning that most recommendations are unlikely to be effective or sustainable. Actions that can be taken include more human factors expertise and independence in investigations, more extensive application of existing tools that assist teams to prioritize recommendations that are likely to be effective, and greater use of observational and simulation techniques to understand the underlying systems factors. Time spent in repeatedly investigating similar incidents may be better spent aggregating and thematically analysing the full range of existing sources of information about patient safety. At a national level, convening structured and meaningful dialogue with equipment manufacturers and key drug 'industry' representatives regarding safety, and discontinuing the use of arbitrary lists of sentinel events, provide ways forward.
The changes in healthcare safety management systems that we and others have proposed are profound in terms of cost and organization of the health system. However, they are unlikely to exceed the resources and the opportunity costs currently dedicated to RCAs with questionable outcomes.
